Introduction
California and other states have recently implemented programs to reduce class size in public schools for one or more grades. These recent announcements in fact merely continue a longstanding trend in the United States toward smaller classes.' In spite of this trend, research evidence on what reduction in class size can achieve is mixed. Hanushek (1996) reviews 277 estimates of the impact of the teacher-pupil ratio and finds that only 15 report positive and statistically significant effects on student outcomes, compared to 13 that report significant negative outcomes.2 Direct experimental evidence on the impact of class size reduction (CSR) has emerged from the STAR experiment in Tennessee. See, for example, Finn and Achilles (1990), Moesteller (1995) , and Krueger (1997) . The STAR experiment suggested that reduced class sizes increased test scores for elementary school students, but most of the gains came in the first year in which students experienced the CSR. The lack of a similarly sized impact on learning in later years has puzzled researchers, while raising questions about unobserved aspects of student placement into the control and experimental groups in the initial year of the study.
Examination of the long-term effects of class size on students' earnings much later in life has produced a similarly ambiguous message. Betts (1996) reviews the literature, and finds that even the most optimistic studies imply a very small internal rate of return to spending on CSR. In addition, studies that measure school resources at the school actually attended rather than relying on imputation based on a person's state of birth tend to produce smaller estimated effects of smaller pupil-teacher ratios on students' subsequent earnings.
Adding to the uncertainty about CSR is the lack of information about the exact mechanism(s) through which CSR might improve student outcomes. The issue of how teachers respond to smaller class sizes lies at the heart of the question. As Murnane (1991) argues, "at its core, education consists of the interaction of human beings. In particular, unless additional funding results in a change in someone's behavior, no real changes in outcomes will occur" (p. 462). This paper attempts to get inside the black box of CSR to understand how teachers do or do not change their teaching methods when faced with a change in class size. We use a detailed panel data set on classes taught by math teachers in Grades 7-12, sampled from a representative national sample of American public schools. We explore how a variation in class size affects the teachers' allocation of time between group and individual instruction. We exploit a second set of questions answered by teachers in which they indicate how they allocate class time in percentage terms among time spent on new material, review, discipline, routine administrative matters, and testing. Finally, we explore whether teachers with smaller classes succeed in finishing a greater percentage of the assigned math textbook by the end of the school year. The answers to these questions promise to provide useful new insights into how CSR might, or might not, change the teaching behavior of mathematics teachers in American middle schools and high schools.
The next section discusses these issues from a theoretical perspective, and touches upon some of the relevant findings from earlier work. Section 3 describes our data set, Section 4 presents the details, and Section 5 concludes.
The Theory of Time Allocation and Class
Size Reduction As mentioned above, we will consider three distinct types of teacher behavior. The first involves an analysis of how teachers divide their time between group instruction and individualized instruction. The second type of behavior is measured by a set of variables indicating the teacher's estimate of how much time he or she devotes to various tasks inside the classroom, each of which may involve individual or group instruction. Finally, we have what might best be considered an outcome variable that reflects teachers' choices indirectly: the percentage of the textbook covered.
Consider first the question of how teachers allocate time between group instruction time (which we will denote as G) and an average of individual instructional time per student (1). In this case, if a teacher has T minutes to teach each week, and if there are N students in the class, then the time budget constraint is (1) T=G+IXN Suppose that the teacher's goal is to maximize average student learning. (We briefly discuss below what might happen if, instead, the teacher's goal is to improve the achievement of the less advanced students in the class.) Assume that student achievement S is given by (2) S =JfG, I)
where the signs of the first and second derivatives of the production function fare given byfG > O,fi> 0,fGG < O,fii andfGl O0. Figure 1 shows the possible results of a reduction in class size. The straight line is the time budget constraint, with T set to 300 minutes in our example. It shows all combinations of group and individual instruction time from which a teacher can choose. Initially, class size is 30, so that if a teacher devoted all his or her time to individual instruction, I = 300/30 = 10. The convex curve tangent to the budget line at point A is an isoquant3 showing combinations of I and G that produce equal levels of student achievement. As is standard in economic theory, we assume that this curve is convex.4 Since it takes more time to produce better student achievement, isoquants that are further to the northeast of the origin represent higher levels of achievement. PointA on the figure shows the optimal combination of G and I: Any other combination of G and I on the budget line would produce a lower level of student achievement. Mathematically, the solution at point A is defined by the equality of the ratio of the marginal products of time spent on G and I with the relative "price" of the two types of teaching. Since one minute of individual instruction to each of N students in the class necessitates a drop in group instruction of N minutes, the "price" of one minute of individual instruction per student is N minutes of group instruction. At the optimum a minute of individual instruction should be N times as effective as a minute of group instruction:
The figure also shows one of many possible outcomes when class size is reduced from N= 30 to N = 20. In the new equilibrium, the teacher moves to point D, increasing both G and I. But it is possible that if the isoquants were shaped differently, the optimal solution would be at point B, so that the teacher would leave group instruction time un- changed, but would increase individual instruction per student." The model underlying the figure assumes that teachers aim to maximize average student rates of learning. How could this analysis be squared with the frequent finding in the literature that CSR has no, or very little, effect on mean student achievement? One possibility is that after a reduction in class size, the teacher moves from point A to point C, leaving average student achievement unchanged. Presumably, a teacher might increase individual per student instruction, I, to a large extent, as shown, if he or she placed a greater value on helping the weakest students in the class. Brown and Saks (1987) provide direct evidence that teachers do prefer to grant more individual instruction time to students at the bottom of the class. Shkolnik and Betts (1998) find that when class size is reduced, teachers increase I by more than they should if their goal were truly to maximize average student achievement.
Instruction
A second set of variables that we will model does not distinguish between group instruction and individual instruction, but instead simply asks the teachers what percentage of class time they allocate to each of five activities (time spent on new material, review, discipline, routine administrative matters, and testing). In the empirical section, we will begin our analysis of these variables by labeling discipline and routine as 'non-instructional time' and the remaining three time uses as 'instructional time.' Unfortunately, the survey does not ask teachers to divide each of these activities into group and individual instruction. But suppose that these five activities are denoted Xj, j = 1,...,5, and that a more fully specified version of the test score equation in (2) can be written (4) S= fTG,IXI,...,Xs)
Recognizing from the above analysis that G and I are functions of class size N, we could write a partially reduced form of this model as:
(5) S =f(N,Xj,...,Xs)
The way in which the teacher apportions total time spent on each of the five tasks will be governed by a slightly different time budget function from before:
(6) T= X + X2 + X3 + X4 + X5
The important difference between this optimiza-tion problem and the earlier problem of allocating T between I and G is that the relative price, that is, the tradeoff between time spent on one activity and another, is always equal to one, not N. So when class size changes, it does not rotate the budget line as in Figure 1 . Now, the optimal allocation of time will be such that the marginal product of one minute spent on any activity j just equals the marginal product of one minute spent on any of the remaining activities i:
af = af ax, ax2 ax5
One might think that this solution implies that a change in class size will not affect the optimal allocation of time to the five activities. However, a change in class size is almost sure to cause the optimizing teacher to reallocate his or her time. The reason is that an increase in class size is likely to affect the marginal products of each of the five inputs, listed above, by different proportions. To make the example concrete, suppose that when class size increases from 20 to 30, the teacher finds than an extra minute spent testing students becomes more valuable, because he or she now has less direct evidence available on how students are coping with the coursework. At the same time, the value of time spent on new material might fall, since the students are no longer learning as quickly. The only way to reallocate teaching time so as to maximize student learning is to increase time spent on testing while reducing time spent on new material. Under the assumption of diminishing returns (32f/ aXj2 < 0 for all j), this reallocation of time will continue until the marginal products of all the time inputs are re-equalized. Seen in this light, it becomes almost certain that a teacher whose goal is to maximize student achievement will respond to a change in class size by changing his or her allocation of time among the five types of time use.
Finally, we will analyze how variations in class size affect the percentage of the textbook finished during the course, as reported by the teacher. This dependent variable differs from the others in our analysis in that it is not a measure of time allocation. Rather, it should be viewed as an outcome variable, reflecting the decisions that the teacher makes about how to allocate time between G and I, and between time spent on new material, review, testing, and so on.
Data
The data are taken from the Longitudinal Study of American Youth (LSAY), a national study that followed students from approximately 100 nationally representative middle schools and high schools during the period from fall 1987 to spring 1992. The LSAY includes surveys completed by principals, teachers, students, and parents, and provides detailed information on student and teacher background characteristics, student test scores, and student and teacher behavior in the classroom.
Every spring, for each class in which one or occasionally more LSAY student participants were enrolled, math teachers filled out a survey describing the math class that they taught the previous fall. We created a data set with one observation per classroom by discarding duplicate observations, after matching on a large series of variables provided by the teacher about the classroom. We obtained a data set of roughly 2,170 observations, each describing a class taught by a math teacher. The variables include school information such as overall enrollment and demographics. This information was obtained from a survey of principals, a survey of the teachers regarding their work experience and education as of 1987, and an annual series of information forms detailing the nature of each class that included one or more LSAY students. In many cases, teachers appear more than once in our data because they taught more than one class to a student included in the LSAY. devoted to review, 40.2% was devoted to new material, and 15.8% was devoted to testing. Non-instructional time consisted of the 7.3% of total class time devoted to routine administration and the 6.1% devoted to discipline. All of these variables displayed large variations relative to the mean. We now model our measures of teacher time allocation as a function of class size and other variables. We want to isolate the impact of variations in class size on teacher time allocation, while controlling for confounding variables that might be correlated with both teachers' time allocation and class size. Serious misspecifications could result unless we control for teachers' characteristics, the types of classes they teach, the types of students they teach, and overall characteristics of the school and the student body. For instance, in a school or classroom with large numbers of less advanced students, teachers may feel compelled to spend relatively large amounts of time on individual remediation and on review as opposed to new material. Since in this and other data sets, classes for less advanced students tend to be smaller, our estimates of how class size affects individual instruction and review might be biased downward if we did not control for the achievement level of students in the class. Accordingly, we add a class ability variable (on a scale of 1-5, with 5 indicating the most able classes) based on each teacher's estimate of the average achievement level of students in their class.6'7 Betts and Shkolnik (in press) and Shkolnik and Betts (1998) both find that controlling for class ability leads to much larger and more significant estimates of the impact of CSR on students' rate of learning. In addition, we add "0,1 variables" (dummy variables) for 20 of the 21 types of math classes taken by students in the sample, to control for systematic differences in how teachers teach courses ranging from consumer math to calculus.
Results
We also control for overall traits of the student body at the school-the percentage of students receiving full lunch assistance; the percentage who are Black or Hispanic; school size measured in total enrollment; and dummy variables for suburban (equal to one if the school is in a suburban area, zero otherwise) and rural schools (equal to one if the school is in a rural area, zero otherwise). Urban schools, the comparison group, is the omitted category. We also add dummy variables for each grade level in the study (7"-12") with Grade 10 as the omitted category or the comparison group.
It remains quite possible that teachers vary systematically in how they allocate their time in the classroom, and that this might be spuriously correlated with the typical class sizes they teach. We therefore control for whether the teacher holds a Master's degree by including a dummy variable for teacher education. The teacher education variable equals one if the teacher holds a Master's degree, zero otherwise. We employ a quadratic in years of teaching experience (that is, we include both experience and experience squared) based on several findings in the test-score literature which suggest that teachers become more effective during their first few years, and then level off in performance. It stands to reason that this non-linear effect of teachers' experience on student learning could reflect non-linear changes in how teachers run their classrooms as they gain experience.)
We begin in Table 2 with Ordinary Least Squares (OLS) regressions. Column 1 shows the percentage of the text covered by the teacher. A reasonable working hypothesis here is that teachers with smaller classes finish a greater proportion of their textbooks. Surprisingly, this does not appear to be the case. Furthermore, teachers with more class time minutes per week do not finish significantly greater percentages of their textbooks. (This finding is somewhat less surprising, in that teachers who know well in advance that they can count on relatively large amounts of class time at their school might adopt lengthier textbooks.) The single most important variable in the regression is the (1-5) class ability level. A top-level class is predicted to finish an additional 8.8% of the assigned textbook, compared to a bottom-level class. Variations in class size do little to compensate for this difference. We also find evidence that teachers with Master's degrees finish about an extra 1.3% of their textbooks, on average.
Again, we stress that the percentage of text covered represents an outcome that is a combined result of teacher and student behavior and school resources. If it is true that class size has little impact on how far teachers proceed through the typical textbook, could this reflect a small or non-existent impact of class size on how teachers teach? Columns 2 and 3 answer this question more directly by examining how variations in class size affect teachers' allocation of time to group instruction and individual (per student) instruction.8 Here we find statistically significant evidence that in larger classes, teachers substitute group instruction for individual instruction. An increase in class size from 20 to 30 students is predicted to increase time spent on group instruction by 4.8 minutes, while reducing individual instruction per student by 7.4 minutes. The measured impact on I is larger because it is composed of two changes-the overall 4.8 minute drop in total I X N, and the quite mechanical drop in individual time that results from spreading a given number of minutes between a greater number of students.
These represent some of the most impressive shifts in teachers' methods that we find resulting from variations in class size. Shkolnik and Betts (1998), using a similar extract from the LSAY, found that group instruction time has larger effects on student learning than does individual instruction, and that teachers overreact to CSR by reallocating too much time to individual instruction. In that paper, we also found that after controlling for class ability, CSR was predicted to increase students' rate of learning. However, the effects would grow considerably greater if teachers held G constant instead of decreasing G after a reduction in class size.
The final column in the table models the percentage of class time teachers devoted to instructional activities (as opposed to non-instructional activities, which consist of time spent on discipline and time spent on daily routine). The results indicate that an increase of 10 in class size reduces instructional time by about 2%. Table 2A shows the relevant coefficients when the models in Table 2 are repeated with the addition of a squared class size term. Our goal is to test for varying responses as class size continues to grow. For group and individual instruction, we find significant weakening of the effects of class size as class size increases. Increases in class size are predicted to increase group instruction for class sizes of up to 38.2, while individual instruction per student, I, is predicted to fall for class sizes of up to 35.39. A more interesting finding is found in the model of the percentage of the text covered: Both We now probe the relationship between class Table 2 with the addition of a variable for class size squared (t-statistics in parentheses). Sample sizes are identical to those shown in Table 2. size and the percentage of time devoted to instructional activities more closely by modeling the subcomponents of instructional and non-instructional time. Specifically, we ask: How do teachers reallocate their time between the five activities listed earlier? We had hypothesized that a change in class size is likely to alter the marginal products of these different uses of teachers' time differentially. If the goal of teachers is to maximize student learning, they should respond to class size changes by reallocating time toward the uses of time which have experienced the largest increase in marginal productivity. Table 3 addresses this question by disaggregating instructional time (already modeled in Table 2 ) and non-instructional time into their constituent parts. Class size increases appear to affect three types of time use, significantly increasing the percentage of time allocated to discipline and routine administration, while significantly reducing the percentage of time allocated to review. Perhaps the most fascinating result in the table is that variations in class size do not significantly alter the percentage of class time devoted to new material. Teachers appear to guard this time for new material carefully. After an increase in class size, teachers instead respond by cutting back on review time. This finding squares with our earlier finding that class size seems to have no impact on the percentage of the textbook that teachers finish.
In a similar vein, note that total class time per week, T, has a positive effect on the percentage of class time spent on review, but a weakly negative effect on the percentage of time spent on new materials. Together, these findings suggest that math teachers, when given additional resources, either in terms of additional class time, or a fixed amount of class time but with a smaller class, respond in a very specific way. They strive to improve student understanding through additional review, rather than by covering additional new topics.
The work of Brown and Saks (1987) provides some hints as to why teachers may behave in this fashion. These authors report on a small-scale but innovative study in which observers recorded the amount of time teachers devoted to individual instruction of individual students. The results suggested that teachers spend considerably more time helping the students who are furthest behind, apparently in an attempt to narrow the achievement gap they observe between students in their classrooms. It is quite possible that math teachers in our sample respond to smaller classes by increasing review time, with a view to narrowing the gap in achievement between the top and bottom students in the classroom.
In spite of this interesting substitution toward review time, perhaps a more remarkable finding from Table 3 is that variations in class size result in very small changes in teachers' allocation of time. Consider a doubling of class size, from 20 to 40. The two largest predicted reallocations are a 3.0% decrease in time devoted to review, and a 2.5% increase in the time devoted to disciplining students. In a class with 300 minutes per week, this translates to 9 minutes less on review and 7.5 minutes more on discipline per week. Overall, teachers appear to respond to variations in class size by changing their use of time in rather minor ways. Of course, readers may want to consider the size of these predicted changes in percentage time allocations not in an absolute sense but in a relative sense. A 2.5% increase in time devoted to disci- pline is small in an absolute sense, but compared to the sample average of 6.1% of teachers' time spent on discipline, this change is perhaps significant.
These predicted changes in how teachers allocate their time seem smaller when compared to the natural variations in teachers' time allotment as their students become older. A teacher of a Grade 7 math class, on average, spends fully 9.3% more time on new material than does a teacher of a Grade 10 math class, while spending 6.0% less time on discipline. The message seems clear: The onset of Note. All models include dummy variables for 20 of 21 possible math classes. These models are the same as in Table 3 with the addition of a variable for class size squared (t-statistics in parentheses). Sample sizes are identical to those shown in Table 3. puberty among students seems to affect teachers' time use far more than do even large variations in class size!'" To check whether we were missing larger reactions by teachers to relatively large class sizes, we re-ran the models with a quadratic in class size. As shown in Table 3A , we found no strong evidence of increased responses to class size as class size increases. The one exception was the positive response of time spent on routine activities; here the Note. All models include dummy variables for 20 of 21 possible math classes. Sample sizes correspond to those shown in Table 3 (t-statistics in parentheses).
effect does not strengthen but instead tails off as class size rises. But for all class sizes below 43, an increase in class size is predicted to increase the percentage of time spent on routine activities. One possibility for which we have not fully accounted is that variations in unobserved traits of the teachers account for much of the variation in time allotments. If these unobserved variations in teacher traits were correlated with the class sizes the teachers received, our estimated effects of class size could be biased in either direction. Fortunately, many of the teachers teach more than one class in the sample. This panel nature of the data allows us to add a dummy variable for each teacher. This fixed effect model removes all variation between teachers in the dependent and explanatory variables. The effect of variations in class size will be identified solely by variations for the individual teacher in the classes he or she teaches. Of course, when estimating such a specification, many teachers effectively drop out of the new sample since they are represented only once in the original sample. Other teachers provide some identifying information, but very little, since they teach only two classes. Still, this provides a useful check that the coefficients we obtained earlier, all of which point to the notion that class size has little effect on teacher behavior, are robust to the presence of unobserved fixed teacher effects. Tables 4 and 5 repeat the models from Tables 2  and 3 with teacher fixed effects. The coefficients on class size drop somewhat, but these models continue to indicate that reductions in class size lead to a significant substitution away from group instruction towards individual instruction. Table 5 shows that the coefficients on class size in the models of the other set of time allocation variables drop considerably. However, the signs of the predicted effects are identical, and in the case of the percentage of class time spent on student discipline, the result continues to hold that one side effect of larger classes is more time devoted to student discipline. These models do not necessarily improve on the earlier OLS models, because they ignore all variation in class size across teachers. This reduces the precision of the estimates, but potentially removes bias due to unobserved traits of the teacher. The results seem to indicate that, as before, variations in class size do not have large effects on teacher behavior.
Checking for Interactions Between Class Size and Traits of the Teacher; Student Body, or Class
Given the strength of the general result that variations in class size don't seem to alter math teachers' time allocation substantially, it becomes crucial to check whether this is true for all teachers, the student bodies at all schools, and math classes at varying achievement levels. We probe these questions by modifying the regressions in Tables  2 and 3 by adding an interaction between class size and other regressors, one at a time.
First, we examine whether more highly educated teachers respond differently to variations in class size. Table 6 shows the coefficients on class size, a dummy variable for whether the teacher holds a Master's degree, and an interaction between the two. In this and subsequent tables, the top panel shows the modified versions of the regressions in Table 2 , and the bottom panel shows the modified versions of the models in Table 3 . The table reveals that teachers at both levels (Master's or less) for the most part show no significant difference in how they alter their time allocation when class size changes. There are two exceptions: Teachers at the Master's level are mainly responsible for the result that a rise in class size increases time spent on group instruction. On the other hand, our earlier result that a rise in class size leads to a greater percentage of time devoted to routine seems to derive solely from the less highly educated teachers. In our judgement, for neither level of teacher education do teachers seem to respond to class size variations with large reallocations of their time. are quite small. We find one important exception to this rule. Table 3 illustrates that teachers react to larger classes by cutting back on review time. Table  7 shows that this reaction to hikes in class size grows significantly among more highly experienced teachers. But even here, the overall effect of class size changes is modest. For instance, a math teacher with 25 years of experience (about 1 standard deviation above the mean) is predicted to respond to an increase of class size of 10 by reducing the percentage of time devoted to review by 10 [25(-0.0136) + 0.0549] = -2.85%. This is a meaningful drop, but it is a modest reduction from the sample mean of 30.66% of class time. Tables 8 and 9 add interactions between traits of the overall student body at the school and traits of the students in the specific class, respectively. Table  8 interacts class size with the percentage of students at the school receiving full lunch assistance. For the most part, the interaction terms are insignificant. At schools with a larger percentage of students receiving assistance, math teachers are slightly less likely to react to class size increases by reducing the minutes of individual instruction per week. Again, the change is rather small: Consider two schools, one with no children on full lunch assistance, and a second with 30% on full lunch assistance. These schools are approximately 1 standard deviation below and above the mean, respectively. At the first school, an increase in class size by one reduces individual instruction by 0.826 minutes per week. At the second school, the same change in class size reduces time spent on individual instruction by 0.682 minutes per week."
Turning to the students in the actual classroom, we next interacted class size in the models in Tables  2 and 3 with the teacher's estimate of class ability, on a 1-5 scale. class ability varies between 1 (much lower than average) and 5 (much higher than average). There are three cases in which the sign of the derivative of a time allocation variable with respect to class size differs between the bottom and top ability groups; in a fourth case the sign never changes but varies significantly with class ability, both in a statistical and a policy sense. Consider first the pair of variables measuring group instruction time and individual instruction time per student. Table  2 showed that on average an increase in class size leads to more time spent on group instruction and less time on individual instruction. Table 9 The size of these interactions is far larger than any found in the earlier tables. At the bottom class ability levels, a rise in class size is predicted to change teachers' time allocations by relatively large amounts. It becomes important to know what is driving these results, especially given that our coding of teachers' responses to the question about class ability into a 1-5 scale is rather ad hoc. What is behind the large interaction terms in some of the columns of Table 9 ? Is it variations in teacher responses in the bottom classes, the top classes, or both? Accordingly, Tables 10 and 11 report the class size coefficient in replications of the models in Tables 2 and 3 that were run on each of the class ability subsamples. (We had to drop certain dummy variables for type of math class in the regressions on these subsamples to prevent perfect collinearity. Apart from that, the specifications conform ex-actly to those in Tables 2 and 3.) Each row in Table 10 lists the coefficient and corresponding t-statistic from a regression with the dependent variable stated at the top of the column, and with the class ability subsample indicated in the first column. We lose some precision in these subsamples, and at the same time risk selectivity bias. Nevertheless, the results support those in Table  9 . The impact of changes in class size on minutes of group instruction and on individual instruction per student are far larger for classes judged to be of lower ability (1 and 2). In fact, for the top three ability groups there is no significant evidence that teachers alter total group minutes at all. In contrast, for the bottom two groups an increase in class size by 10 increases predicted minutes of group instruction per week by 27 and 14 minutes for the first and second groups, respectively. These shifts in time allocation might have substantial impacts on these students. Similarly, and perhaps more importantly, the negative impact of increases in class size on the proportion of class time devoted to instructional activities occurs most strongly in classes taught to less advanced students. The coefficient on class size is not always significant at the 5% level in these regressions, but the coefficient rises (towards zero) monotonically as the level of ability of the class increases. An increase in class size of 10 is predicted to reduce the percentage of time devoted to instructional activities by 3% in the bottom classes, compared to just 0.6% in the top classes. Neither of these changes is very large, but the pattern is noteworthy. Table 11 shows how the class size coefficient varies when the five components of total class time are modeled by subsample. Here monotic relationships to class ability level do not emerge, but overall the results suggest that lower ability classes see a higher reduction in review time when class size increases.
As a final check on whether stronger effects of class size on teachers' time allocation might emerge in certain types of classes, we examine whether middle school and high school teachers respond in the same way. Since so much else can vary between the two types of schools, we ran separate regressions for students in Grades 7 and 8 and for Grades 9 through 12. The results appear in the Appendix in Tables Al and A2 , which reproduce the models in Table 2 . Patterns observed earlier in the pooled data set appear to hold in both types of schools, although middle school math teachers seem to respond more strongly to variations in class size than do their counterparts in high schools. Most strikingly, an increase in class size by 10 students in middle schools is predicted to increase group instruction minutes by 17.6 minutes per week, compared to an increase of only 2.9 minutes in high schools. Other differences are quite muted compared to this gap, but tend to tell the same story: Middle school teachers react more strongly to changes in class size than do high school teachers.
Conclusion
In this paper we have sought to open the black box of CSR by studying how variations in class size affect the amount of material covered by the teacher, and more specifically and fundamentally, how teachers reallocate their time when class size changes. The largest effects we found were that a reduction in class size induces teachers to devote less time to group instruction and more time to But even here, the size of the time reallocations was extremely small. A halving of class size from 40 to 20 is predicted to lead to a rise of only 3 percentage points in the percentage of time devoted to review.
We undertook extensive specification tests to examine whether variations in class size mattered more in some types of classes or schools, or with certain types of teachers more than others. We uncovered a number of systematic variations. By far the most important of these is that the tendency of teachers to substitute group instruction for individual instruction as class size increases is far stronger in classes identified by the teacher as "below average" or "much below average" than in more able classes. We also found evidence that middle school teachers react more strongly to changes in class size than do high school teachers, but the differences are not as impressive. On average, and for most types of teachers, student bodies, and class abilities, teachers' reallocation of class time as class size changes appears to be quite modest.
Overall, this set of findings raises the possibility that CSR might become more effective if teachers adjusted their teaching styles more radically so as to take advantage of smaller classes. Further research is required to identify exactly what those changes in teaching style should entail.
APPENDIX
The group instruction and individual instruction per student variables were created using teachers' responses when they were asked how much time they allocated to the following five activities: lecturing, leading discussion, working in small groups, doing seatwork, and providing We refer to these variables as the percentage of class time spent on routine, discipline, new material, review and testing, respectively.
We added dummy variables to control for 20 of 21 types of math courses taught in the LSAY schools. The coding of this information varies by grade level, but can be manipulated to provide an entirely consistent set of course types. ' For evidence of declining pupil-teacher ratios over the last few decades, see for instance Hanushek and Rivkin (1997) .
2 For a competing view of the test-score literature, see Hedges and Greenwald (1996) . "3An isoquant curve traces out the combinations of any two or more inputs (here, the two types of instruction) which give rise to the same level of output (student achievement). These combinations must be the most efficient ones-i.e., any point on an isoquant curve shows the
